The aim of this study is the assessment of the relative arterial and venous contribution to the total liver blood flow (hepatic perfusion index-HPI), with two methods (S1 and S2), and estimation of their value. With this correction, HPI nonsignificantly increases (p>0.05) in all the groups of patients, with a very high correlation between the HPI(S1) and HPI(S2) values (p<0.01). In comparison to the portal perfusion in controls, values were significantly (p<0,01) lower in chronic active hepatitis and liver cirrhosis and differed between themselves (p<0.01). In the groups of cirrhotic patients with esophageal varices, sclerosated esophageal varices, recanalized umbilical vein, portal thrombosis and cavernous portal vein, portal perfusion was lower (p<0.01) than in controls, chronic active hepatitis and liver cirrhosis without collaterals. Both angioscintigraphic methods are useful for the estimation of the disturbances in the portal system. Because of the more exact estimation of the liver perfusion, S2 is recommended.
INTRODUCTION
U nder physiological condition, liver receives approximately 70% of the portal and 30% of the arterial blood supply, but various pathological changes can disturb this ratio. Thus, studies of the liver blood flow are important in the evaluation of hemodynamic disorders in various hepatic diseases. The estimation of portal blood flow can provide the valuable information on the degree of portal flow restriction, the progress of pathophysiological changes and assessment of their extent, as well as for the appropriate choice of therapy (shunt surgery and its type).
Noninvasive methods, such as echoangiography of the large hepatic blood vessels, duplex-Doppler ultrasonography of the portal venous system 1 and methods of nuclear medicine [2] [3] [4] have been applied in hepatic perfusion studies. Angiography and other invasive methods follow 5 .
Computerized tomography and nuclear magnetic resonance, although used mainly for the morphological examination can be also performed in hepatic blood flow studies 6, 7, 8 . Nuclear medicine methods are basicly founded on the analysis of hepatic radionuclide angiogram (HRA), obtained after the "first pass" of the radioactive bolus and registered activity over liver and other abdominal organs after intravenous injection of 99m Tc. The technique of radionuclide angiography and determination of the hepatic perfusion index (HPI) proposed by Sarper et al. 9, 10 is noninvasive method supplying well reproducible information on portal blood flow.
Performing the different mathematical formulas, it is possible to estimate selectively arterial and venous liver perfusion. Sarper et al. 9 proposed estimation of the hepatic perfusion index (HPI) using slopes of the arterial and venous phase of HRA (S1). Later, the same author, modificated his method introducing the correction of HPI for the amount of the contribution of the arterial "washout" phase in the portal blood supply (S2) 10 . The aim of the study is the estimation of various portohepatic circulation parameters using hepatic radionuclide angiography (HRA) in patients with portal vascular disorders and the hypertension syndrome. The other aim is the estimation of the validity of the correction of HPI obtained by Sarper's method (S1), using the correction for the arterial hepatic "washout" phase (S2).
PATIENTS AND METHODS
Investigation was performed in 10 controls (C), in 8 patients with chronic active hepatitis (CAH), 13 Tc-pertechnetate, (1 min, 1f/s), using ROTA scintillation camera. From the ROI over liver parenchyma, TA arterial-hepatic and portal-venous phase of the HRA, were separated at the moment when maximal activity over the left kidney ROI was registered. According to S1 method, on HRA, arterial slope (Ba) was estimated from the beginning of the activity in the liver region (T0), during 7s. Similarly, the portal slope (Bp) was estimated on the liver curve from the time point which reflects the maximal activity over the left kidney region (Tm), during 7s. HPI was calculated using formula: HPI = Bp/(Ba+Bp), 9 . Thus, HPI reflects the value of the relative portal contribution to the liver blood flow. Improved (S2) method, demands calculation of the arterial (As-from T0 during 7 s) and venous (descendent -Ds, from kidney Tm during 7 s) slopes on the splenic curve. True portal slope (Pt) is obtained with the correction of Bp for the value of the arterial "washout" phase through hepatic veins (P0), using formulas: a) Pt = Bp -P0; b) P0 = (DsxBa)/As and, finally, e) HPI = Pt/(Ba+Pt), 10 . The final diagnoses were based according to the clinical findings, results of the functional and laboratory analysis, ultrasound and Doppler ultrasound, angiography, biopsy with histopathology and other clinical examinations. Consent was obtained from each patient, and the study protocol conforms to the established ethical guidelines.
Besides the mean HPI values (X) and standard deviation (SD), statistical analysis included T test, U test, one and two way analysis of variance as well as Multiple range test.
For the estimation of the significances of differences of the HPI values obtained using two different methods inside the groups of the patients, U test was used. Parametric and nonparametric correlation tests were used to establish eventual corelation between the HPI values obtained using S1 and S2 method.
RESULTS
With this correction, HPI increases. However, significant differences between HPI values obtained with these two methods in the different groups of patients were not observed (Table 1) . On the other hand, there was very high parametric corelation of the results obtained using these two methods in the C group (r = 0.9139, p< 0.01). In (Tables 1 and 2 ).
DISCUSSION
Initially, Sarper, using the first (S1) method, Sarper et al. 9 estimated the arterial phase slope during 7 s after the beginning of the liver activity, (because its shortest duration, obtained experimentally, lasted 7 s). Similarly, the initial slope of the portal phase was determined. The results, obtained with this method, showed very high corelation with angiographically determined degree of portal hypertension 9 . However, at the same moment when portal component arrives in the liver, being late after arterial one because of the time needed to pass through the abdominal vessels, arterial blood, which previously arrived in the liver and passed through liver parenchyma outflows through hepatic veins, so, the portal phase slope of the liver curve is decreased for the value of the slope of the arterial washout phase. Because of that, Sarper, modified his method and suggested the correction of the portal slope for the slppe of the arterial washout phase, supposing that the ratio of the ascendent, arterial phase of the spleen and its descendnent outflow" phase is the same as the ratio between the arterial inflow of the spleen and splenic outflow phase. Using this, modified method, he obtained better corelation of the results with angiographic findings and the degree of portal hypertension in the patients with liver cirrhosis, especially in the most severe form 10 . According to our results, using Sarper's modified method with correction of HPI, using correction of HPI for the value of the arterial "washout" component, obtained values are higher, pointing out higher participation of the portal blood in the total liver vascularization, in comparison to the results obtained by basic (Sl) method. However, significant difference between HPI values obtained with these two methods (p>0.05) was not proved neither in the controls, nor in the groups of patients with portal hypertension. There is a high correlation between the HPI values obtained with this methods (p<0.01). Anyway, the absence of the significant differences between the HPI results obtained by Sarper's basic and modified method, does not exclude the need for the correction of the slope of the portal component HRA because of the more exact estimation of the liver perfusion with S2 method.
In the patients with chronic active hepatitis, HPI was slightly, but significantly decreased (p<0,01) in comparison to C (Figure 1 ) and still significantly higher in comparison to other groups of portal hypertensive patients (LC, LCEV, LCSEV, RUV, PVT and CPV).
Venous liver perfusion is significantly (p) decreased in liver cirrhosis without and with esophageal varices, recanalisation of the umbilical vein ( Figure 2 ) and portal occlusion ( Figure 3) . However, portal perfusion in the patients with liver cirrhosis without esophageal varices was still significantly (p<0,01) higher than in the groups of patients with collateral circulation, whole values didn't differ between themselves (p>0.05).
The literature data are similar to ours. The portal component of liver perfusion determined by scintigraphy was reduced in patients with liver cirrhosis and correlated to Br. 1 Estimation of the relative liver perfusion using two 13 methods of radionuclide angiography the development of cirrhosis and to porto-hepatic gradient pressure. Angioscintigraphy and Duplex Doppler appear to be complementary in the study and follow-up of portal hypertension 11 . Gon et al. 13 recommends the application of the assessment of the total liver blood flow, but relative portal inflow in the CAH and LC correspond to our values.
The results of Takegoshi et al. 14 correspond to our values.The ratio was proportionally decreased to the progression of the diseases (normal 74.5+7.3%, chronic hepatitis 58.8+9.2%, compensated liver cirrhosis 29.3+19.3%) and correlated well with the patohistological findings. He recommended it as a noninvasive and simple method valuable in diagnosing the chronic liver disease, and in estimating its clinical course. Kralik et al. 15 obtained a decrease in the HPI which corresponded to the hemodynamical efficiency of collateral circulation. According to Dragoteanu et al. 16 , liver angioscintigraphy and per-rectal portal scintigraphy are related to the degree of portal hypertension, thus supporting disease staging and follow-up of evolution to cirrhosis and portal thromboses. Similarly, Miguel et al. 17 , claimed that the ratio of hepatic artery/portal flow in cirrhotic and alcoholic hepatitis was significantly different from normal controls (p<0,001) and recommended radionuclide methods as a non invasive test in the study of chronic liver diseases. Santambrogio et al. 18 obtained the mean HPI 0.42+0.24 in the LC group and 0.66+0.19 in the non-LC group (p<0.02), and claimed that HPI is useful factor in estimating hepatic blood flow and liver function 19 . The results of other authors 20 are also in accordance. Koranda et al. 21 using HPI, confirmed that the net hepatic arterial blood flow is also increased in patients with cirrhosis. Fanfani et al. 22 proved that HPI was reduced only in cirrhotic patients but not in those with chronic hepatitis, which is only partly in accordance to our findings. According to Sarper et al. 9 , abnormal values of HPI in spite of physiological values of liver function tests, proved this method to be a sensitive, noninvasive detector of early pathophysiological changes in the splanchnic organs of alcohol and drug abusers. The same author 10 proved it to be correlated with the degree of portal hypertension established by angiography. The observations of Rypins et al. 23 were similar: HPI in normal subjects was 66.0+3.4 and in cirrhotic patients with decreasing angiographic perfusion of grades 1 to 4 the index was 54+4.6, 37+2.6, 17+4.7% respectively which also proved high correlation with the angiographic grade of portal flow (p<0.001). Hamato et al. 24 used the method of Fleming et al. 25 and obtained significantly lower mesenteric and the relative portal flow in cirrhosis (42.0+16.4% and 70.9+8.9%) than in the controls (68.6+8.5% and 78.6+5.9%).
Similar to our findings, the results of Sauerbruch et al 26 show that while the portal venous fraction of hepatic blood flow is significantly reduced in patients with liver cirrhosis and esophageal varices (17+10%), it is not influenced by sclerotherapy (20+11%) but the values were significantly lower (56+9%, p<0.001) in comparison to the controls. The results of Gianpaolo et al. 2 , although not quite in accordance to our and the results of other authors, found increased arterial supply in liver cirrhosis and in shunted patients and in spite of some methodological limitations proved some clinical utility.
In the patients with portal thrombosis, HPI was significantly decreased (p<0,01) in comparison to C, CAH and LC. In a few patients with complete portal vein thrombosis, hepatic perfusion was exclusively arterial, which was similar to our findings 27 . Also, MacMathuna et al. 28 emphasized the importance of HRA as a safe and accurate screening method for evaluating portal vein patency or occlusion, particularly at a portal venous inflow of 20%, where the specificity was 100% and sensitivity 90%.
By performing echo-angiography and Duplex-Doppler echosonography, one can successfully determine the direction and rate of blood flow, the presence of the collateral circulation, the existence of thrombosis in blood vessels and detected other portal system vascular disorders, while hepatic radionuclide angiography enables the evaluation of relative liver perfusion. The results show that portal inflow was normal in control group and decreased in liver cirrhosis and portal hypertenson, proportionally to the degree of portal hypertension. The lowest values for the participation of portal blood in the total liver vascularisation, were obtained in those with complete portal venous thrombosis. Angioscintigraphy is reasonably accurate, reproducible, safe and can be considered suitable for routine use in the assessment of liver hemodynamics. 
